Abstract-This letter presents the result of the synthesis of a horizontally polarized reconfigurable microstrip antenna. The obtained architecture is based on a parasitic structure composed by a set of microstrip elements that can be electronically reconfigured by means of radio-frequency (RF) switches. As a result, the maximum values and zeros of the antenna radiation pattern can be steered towards an interfering signal or/and desired signals, which allows an optimal management of wireless resources. Representative numerical and experimental results are reported and compared in order to assess the effectiveness and reliability of the proposed prototype.
I. INTRODUCTION
T HE impressive growth of wireless applications has forced the designers to study suitable methodologies to optimize the use of the transmissive medium. Effective solutions consider the smart management of the physical layer by exploiting the space selectivity functions offered by the so-called smart antenna systems [1] - [3] . Consequently, the wireless network throughput increases and the values of the signal-to-interference-plus-noise ratio (SINR) improve. Moreover, thanks to the radiation pattern reconfigurability, they guarantee additional functionalities to wireless networks (e.g., the detection of the direction-of-arrival (DoA) of incoming signals [4] and the localization of a node in a wireless network [5] ). Obviously, the use of smart antennas with fully adaptive properties (i.e., phased array [6] ) is the optimal solution in dealing with the access to the propagation medium [7] , [8] . However, their complexity, dimensions, and costs usually prevent their extensive use in commercial applications so, in low-cost applications, switched beam antennas are generally adopted instead. In the latter case, the continuous variation of the radiation properties of the antenna of fully adaptive smart antennas is approximated with a discrete set of possible and electronically selected configurations of the radiation pattern [4] . A good compromise between fully adaptive and switched-beam solutions is represented by reconfigurable parasitic systems where an active radiating element interacts with an electronically reconfigurable parasitic array [9] , [10] . This letter presents the design of a horizontally polarized Wi-Fi band reconfigurable antenna based on a planar microstrip structure.
II. RECONFIGURABLE ANTENNA DESIGN
The antenna architecture is composed by an active and a passive reconfigurable part, respectively. With reference to Fig. 1 , the former is a Z-shaped radiator [11] , while the passive parasitic structure is composed of 18 identical and equally spaced metallic radial sectors. The parasitic elements can be electrically connected in order to obtain a reconfigurable planar suppressor-like structure [12] . Generally speaking, such a structure can be traced back to [13] , where the theoretical analysis of the radiation characteristics of an -port antenna system controlled by input ports reactive loading is given. However, in order to develop a low-cost and easy to build antenna, a simplified planar version of the structure shown in [13] is considered. As a matter of fact, electronically driven RF switches, which can be configured only in two different electrical states (open or short), are employed as reactive loads. The resulting geometry is based on a circular array of parasitic elements acting as a reconfigurable suppressing structure [12] able to modify both the forward and the backward radiation properties of the active device. In particular, the nominal structure is composed of metallic radial sectors 1536-1225/$25.00 © 2007 IEEE that behave as suppressing elements when activated, but show a transparent-like behavior when deactivated.
In the first stage of the synthesis process, the geometry of the active part has been designed following the guidelines reported in [11] and operating at 2.45 GHz. Successively, the geometrical parameters of the parasitic structure (i.e., the inner diameter and the outer diameter , the angular width , and the angular spacing of the radial sectors; see Fig. 1 ) have been optimized to generate a radiation pattern similar to that of the active element without the parasitic structure, thus allowing the isotropic behavior of the corresponding network node.
As far as the reconfigurability of the system is concerned, it has been obtained by placing proper electrical connections among each radial sector and its neighbors in order to obtain a variable configuration composed of the active element and a suppressing structure of variable extent. The electrical connection between two adjacent sectors is physically implemented by means of positive intrinsic negative (PIN) diodes working as electronically driven switches. The number and the radial locations of these connections are certainly critical issues since a low impedance between radial sectors when activated as well as a transparent-like behavior when deactivated are needed. These design parameters greatly affect the performance of the device (i.e., the electrical behavior of the suppressing structure both in the activated and in the deactivated states). For such a reason, the number of switches, their radial positions, the minimum number of radial sectors necessary to obtain a minimum value of the front-to-back ratio (FBR) of 5 dB, and a maximum voltage standing wave ratio (VSWR) equal to 2 have been found in a third phase of the synthesis procedure by means of an optimization procedure. Following the same strategy used in the second stage, the optimization has been carried out by means of a particle-swarm optimizer (PSO) [14] and by minimizing a suitable cost function proportional to the difference between the electrical performances of trial structures and the requirements. PSO is a stochastic multiple-agent optimization algorithm extensively applied in the framework of antenna array optimization (see [14] and the references cited therein) that demonstrated excellent properties in the control of the convergence of the optimization process. On the other hand, it is a good choice for real-time implementations because of its fast readaptation to the changes in the scenario under test.
After the synthesis, the descriptive parameters of the resulting antenna were , 2.8 cm, 7.2 cm, 17 , 3 , 1.4 cm ( being the distance of the first ring of switches from the center), and 2.1 cm ( being the distance of the second ring of switches from the center). Moreover, the minimum number of connected parasitic sectors to obtain an FBR value greater than 5 dB was 3. According to these results, a prototype of the reconfigurable antenna shown in Fig. 1 has been built and experimentally tested. With regards to the RF switch integration, only the PIN diodes have been placed on the antenna structure, while the driving hardware has been remotely located and connected to the switches by means of small diameter metallic wires placed orthogonally to the plane of the antenna structure (Fig. 2) in order to minimize the electromagnetic interferences. 
III. NUMERICAL RESULTS AND EXPERIMENTAL ASSESSMENT
The synthesized antenna has been numerically and experimentally tested. During the experimental assessment, the antenna prototype has been placed in an anechoic chamber where both the radiation pattern and VSWR values have been measured. In Fig. 3 , the H-plane normalized beam pattern of the active element radiating in free space is compared with measured and simulated 1 radiation patterns of the same element, but surrounded by the reconfigurable parasitic structure with all the elements in the off state. As it can be observed and expected, the radiation properties of the active element are not modified. In the following, the configurations (activated elements in black and deactivated elements in gray color) and corresponding performances in terms of radiation patterns concerned with three (Fig. 4), six (Fig 5) , and nine (Fig. 6 ) activated passive elements are reported. Whatever the configuration, there is a good agreement between numerical and experimental data and the resulting front-to-back values turn out to be compliant with the requirements (FRB 5 dB). Concerning the cross polarization, a maximum (over the whole set of configurations of the parasitic antenna) value equal to 25 dBi has been measured. Such a result further confirms the low level of interferences among the antenna structure and the RF switch driving system. As far as the DoA detection and positioning functionalities are concerned, it should be noticed that both six-and nine-activated elements configurations present deep nulls characterized by attenuation values of about 19.78 dB (Fig. 5 ) and 22.36 dB (Fig. 6) , respectively. The VSWR measurements have been performed by varying the number of activated sectors and the range of variations of VSWR values turned out to be between 1.1 and 1.22 as confirmed by Fig. 7 where the plots of the measured values over the range from 2.3 GHz up to 2.6 GHz are shown.
IV. CONCLUSION
In this letter, the design of an electronically reconfigurable antenna based on a microstrip parasitic structure and characterized by an easy fabrication process, low costs, and limited hardware complexity, has been presented. The radiation properties of the proposed antenna have been adjusted by controlling the states of suitably located radio frequency switches in order to modify the parasitic structure surrounding the central active element. The reported numerical and experimental results have demonstrated the reconfiguration capabilities of the synthesized antenna system aimed at mitigating the interference phenomena or implementing DoA detection functionalities or positioning functions.
